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(57) Abstract: A nanostructure of porous ma- 
terial, comprising a plurality of columnar bores 
and regions surrounding the same, the regions 
being oxide amorphous regions comprising C, 
Si, Ge or a combination of these. The nanos- 
tructure can be used as a function material, such 
as a luminescent device, an optical device or a 
microdevice, or as a filter. 
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(b) i:m:mmn^(Dj^^ msB. mes) 

5/^5^1^ ^3t#:2 3^?^^1-S„ ^it#:23ti. BlOUn^ 

±^^t-t^m.^i!)>^fj:^i^:^<Dm2 1 ^.•ie<^^ffli3:gag$tL5ii2(D 

1 2il)t$$i(Dm:d^hf£^y^y<y^ ]} ^yjfj^^jfy f-efc6o 
20 {t:$*^:it;jST?^;5o 

umoi^'-'fy h 1 2±\z.m2<oum^^i3i^i'yzfi s^m-r^^tv 



wo 03/078688 
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t. fc.mmmoM 1 oum t$^2 (D^Pc t (D^^^tm^ Lx^m Ltcm^ 

*te:^UT2 0~7 0 a t om i c%Xh\).Bt.L<\t2 5~6 5 a t o 
10 m i c %. ^ h\Ctii-^ b<fi30~60atomic H 2 <DW¥^ 

(Dm^mf)^^^m}^xhifi\t.m^2 4p%\z.i^^(Dum^^wcLtLmmi^2 

:^mmiiZ.:i6\^X.^2<Dmtf^l(Dm(Dm^m^^-r^ t omi c% 

15 U a t om%feSV^^ia t % t ^>|5^$ -eajxfifl^^'a'MT'yX-x'^ 
^i^^«feT'^ii<*:Ef 2 0$t3|s|- ^01 <0#3is^(^)ftSr^S:9-|lf bfc a: ^ © 

ilBfa-a-J-^aVNT^. a torn i c %<£r¥ffi^ bT^V^TV^6;^S, 
wt%Sr¥^fcibTfflV^6#^tt,-0!l^^^^>'y=^ix;JS2Oa t o m i c 
20 ±70atomic %^JAT<0^'^{i, 2 0. 6 5 w t 7 0. 8 4 w t % 

SiT^^J^iiS (a t om i c%j6^e)W t%^0^#tt, Al(Dm^A^2 6. 
9 8 2 . S i ©m^*^ 2 8 . 0 8 6 i LT A ItSi (Dfi*itS^^i^)^ (fi 
Alt) X ( a t o m i c %) (Dig.ib> b w t %\z.^^ir^ C ;6ST'^ 6„ 
i^tz. SmSi LTtt, 3 0 OX:&.rxh*). t< W:2 0 CCls^T 
25 xh^(Di)ii:\>\ 



wo 03/078688 



25 
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10 ho^-^tti 5 Od^fe 1 0 0 OW^^;6S0*l>v\ L;6^L. Z.^\zM. 

mmm^. m^if-A^^ (eb^^) ^itz^^t-r^^mo^^^m^m 



wo 03/078688 
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mX-tirnKDmoym-^H^SO a t om i c %e4±, fe5V^tt 9 0 a t om 

^tf8 0 a t om i c%l^±, fe5V^W:9 0 a t o m i c%U±Xh^o 
15 (c) JLU-.MUm^HU (Else. 13 6 C) 

20 |5i|2R;55 3 0 nm|^;^Ts ?L@2 r;i52 0 n mjJJlT-efc6:a5, 0^L< it. m 
7LO?L^2 rt^l — l 5 nmT?fet).-t<Z)tf3>L«r^Bgil2Rtt5'-2 0 nmX 



wo 03/078688 
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(d) ^nwii^om^mm (lasD, i^bd) 

xm(c) x'r^m^tifc^^Mi^2 5(Dm\:^mtLxits mmnm^^^x 

^e^nSo Jfc^j, 7K5>o#v>^fc5v>ftr/v;&y <Sr^5r it?^ (c) 

T. mmmfi}£^fffi^xhi:.\\ 

15 *fc> *l§B^tt. El6E^tJ^6DlC^-r^{C, urn. (c) -t'f^^^i^yJ:^ 

(e) ^Sit;^ (e' ) XS : il?L^Ofe:^Xm (1^5 E. EI6E) 

20 mi{Mo>^-kiLmt. 0 5 Ejc^-ritfe:, xm (d) x^m-^titcmt<^^ 

^^W(Dm^(Dl^i^ ( e ) TM^n 0 o *fctt. ig 6 E iJi^-Tiil;:. X@ ( c ) 

m^^<Di}i:±\t. ±^^iini^-^tc\mim^iiMm^MLx. ^n^sr 



wo 03/078688 



28 



PCT/JP03/03000 



^tcm^iL^m± (^T!7>f K^a) 0kW\t. mmust. ^m. 
:kt:^^mi^(Di^^m^n 0 lorn. * fcf* y =1 i^mim^^ww^Y^m t 

(4-1) ayi^{b'^#ail#:<03|!l5t;^^fe 

Jt^©lf|5*t ^Srl^ ffltf y =» r /V ^ - »J7 A ^ y a i/<^^l: 

(Jl^rUTi^y 3:/^2 0~7 0 a t om i c yoOfiJ-^T^-^^ffS =^ 
A y 3 ^-^jit^^rtrffijlC-f-S XS. ^T/l' 5 = •J' A v- y =r v:^jt^;ili 

vy =»i^^ 20~70atomic %(^fJ'^'e-g"^-t-ST/V5 :=^l^ A^>y 

^^ymT^i^^m^t^xm. (c) ^r/v^-i^Av'y 3i^;^it^*:<z)T;^^ 

25 (d)^^7LSr^-rSi/y =«i/#^Lit#:<Sr^^kt-§xa<Sr^-r§(^;as^J*L 



wo 03/078688 
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5 i^V =iyt:2 0~70atomi cVoOU'aX^t^ir^T/l^^ :=-^ ]) 
3 i^mTtW-^M^ir 5 X^x ( c ) ^T/W ^ A y 3 :^mT^W<DT/i^ ^ 

(d) mmn^^ir^i^v ='>^iiMW^mt-r^i:mRxj^ (e) ^ibtl© 

10 iflBi/y 3y^jk«^#?L^^0^3i^)5fett/ (a) T/^^^!>i^^i/y 3 

>'^ffiiti"6xa> (b) mr/i-^:=^^j^t^yv ^yni^hw^^m^^xmw 

^^(^ffltfi/y 3 V'gg^i:Sr^U.T/^^c=^r>A<i:v'y 3^(^ik*(c^LT 
i^]} =i:y^2 0~70a tomi c %Oi!|-^-C-g-^i-5T/W^ — r> Ai^y 

(e' ) ^i^y 3>'#7L©#:Oj^7L(^7L^^i£»f-5XgSt;^ (d) ^J^aSr 
^t-r^-^y =1 v07L®^S:^^bt-5xa^^-t-^©;5S0^ LV\ 
MIB^?L^J!2:tf §xm;i5|gfo§v>«T/w;«; y Sr^VNfe^7a:y h^^y 

H^^iBm^k;■t■sxm;65fi^^kfc5v^«7K^^Srffiv^;rc^^k•cfc;5o^s0^ t 

( 4 - 2 ) '//v-si'::^ ^ j^mim^^'^W(om^:}5Wi 



wo 03/078688 
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;W::^i>A0^4(CMLTy/V-^^l>A$r 20~70atomic %(D^\ 

= l>AO^Ste:>y-LT'i^/l'-T^»>A^2 0-^7 0 a t om i c %(DfiJ-^T? 

'^>r-r6T/V^^e7A<5^/l.'7^r>Ali3t#:^?^^i-5»X@. (c)^T/V^ 

/w=«>A#7Lir<*^Sr?l^fife1-SXS:Rt;? (d) ^JisfflTL^^ti-S-i^/w^t^A 

20 =^^A(D±m\cMLXy/U^='^A^2 0-^-7 0 a t om i c %(D^\^X* 
^^•r5r/W^^!>AyyP-x'::i»>A^jg#:^?^^-r5Xm, (c) ^T/V^ 

/\y^^^A^^^W^m^i-^xm, (d) m«IB?L^^1-sy;v-^^!>A# 
7L©^^c^:^>^t;t-5XSXt; (e) ^ji7L©|L^SrJ£tf SXaSr^^50;as^J 
25 * tV\ 
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^^A<D±m\^MLX^/U-^:^^A^2 0~7 0 a t om i c%(Dm'^X 

15 (4-3) i^v ^ty^ji^-^^-^j^m^m^^ni^ommifm 

20 y 3:/^'^>'V'^=!>A<D'a'fH:^2 0'-7 0 a t om i c roOfiJ-^T-^^ 



wo 03/078688 
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iyl)=il^h^/\^'^=^^A(DmA^2 0'^7 0 a t o m i c%(D^\^V^^ 

i: ^:ir r $ - A ^ i/ y 3 V i -i;»7W:=i A (75^iJj:^ UT 
15 =i:^t^/i--^=^^M,(OBA^ 2 0~7 0 a t om i c %OfiJ-a'T*'^^ 

•r S T/V 5 := !^ A y 3 y y/W = 57 i»«3t«:<lr?^fifef 6 X®. ( c ) 
/l^ ^ tj^ A y 3 ^'-J^/W A^it^^O T/W 5 ^ l> A 5/ 5^ L . ^ 
dFL«r^i-5ixy ai/>5^/Wrie7A#aW#:Sr?^fiKi-6Xm, (d) ^j^TLSr 

•>A^t/y ^v^y/wrir^ASrfflici-sxS.. (b) ^T/w^^-^Aiii^ 

av^y/U-^-i^AOi^ftSrB 0~7 0 a t o m i cVoiOm^V^^ 



wo 03/078688 
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f^fa^f^2i-5xm;JSf|^m^bfc5V^«7l<:^^^fflv>fcgfe^h;T*fe5(D;^s^EF^L 
v\ 

(5) mtm^iiMi^t:j¥m-r?>tc^<Dm(D:fsfk 

15 icfT^::^ t>-e#s„ 

2 3(i^5t^s^2 3.(«?iJxL«fttJt^#^^i^-t-§^l©#JN-<b hXT/U^^^ 
1 ttlIM#f. 4 2 « P t tg(Z);& y- h\ 4 3 4 4 ttSJS^^. 4 

20 5 \mmm\^mBkmiii-^mm. 4 e tt^a^^bm^ig^aij^i-smiitFt? 

1- 5 a V If ^ - tj'. * tur V ^ 5 o 

#jt{*:2 3*3j;t;5;*y-K4 2tt.il?aif 4 1 JcJ: 9mSS:-^tc{Siycn 



wo 03/078688 
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H^MRXJ^^it, m^\tmm2Rmi 5 nme^Tx 7L=^2 r;asi 0 nm&,r 
10 T?fc§o ^?L07L#2 r ^1~9 nmtsiL. ^<^if 'iv^Sgil 2 R 3 ~ 1 0 

15 (cj;<9. ill:, ^S?L^^jS:tf;5^^dST't-5o 

*fc*BI7L?L^i£;*c (jKTI7>r K^tS) m^ti. mmUBt. Wk^. ^ 



wo 03/078688 PCT/JP03/03000 

35 

=3V(Dl:;6ST/W^=i!^Ate^y =i:/Oik*iC^bT2 0 a t om 
15 3 VO»;iST/^$ = t>Airi/y =ii/o^4(C^LT7 0 a t om i 

20 v^^-rsr -^TtDij^mi^y ^i^rttJi^iBTL ("ih/jj^^/v) ^m^-r^ 



wo 03/078688 PCT/JP03/03000 

36 

5 n m&.± 2 0 n mUTXh !? ^ J.o^gl7LI^±(Z)5pl^^Ri;6S 3 0 n mgJLT 
15 ±^5|Zj^7L=g{i. 0* L < 0 . 5 nm^jbl 5 nmOT-efe^o 

mm 
{mmm i ) 

25 7L#2 r ;65 5 nm-efci9xi^^LdS2 0 0 nmXh^M^^^i-^->V 



wo 03/078688 PCT/JP03/03000 
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V>T. ^y]) =1 V^T/V^-l>Ai v/y =il^(D±m\^nLX 3 7 a t om i 
^^Jfy K^dS4-r (10 1. 6inm) (DR?^<DT/W^ l> A 

RFmj^^fflV^Tx ArJlEl:: 5 0 s c cm. iScEJEE;^ : 0. 

7 P a. igAm;^7 : 1 kWi; tyto tfc. (2 5*0 t LtCo 

i^^3t#:<^m^;0S^ 3 7 atomic %j£iatJ:/itLff J:Vn„ ^fc. i^-'i^j^ 

15 ?^^jb\ FE-sEM (m^j^cw^sMw-^simis) t^r. r/v^^ij'i.i/ 

8 nm-efcofdo i^i^fiB 0 0 nmT?$>«)x ^tl-?*L<^T/^5 ^-^^ A 

:L(DX^tjii/]) =^:y^7/^^^^M.tt^]) =iy(0^&\zM\.X3 7 a t 
omi c%^/ufzT/i^K:^^J^->V^l^mmW^mmm9 8%^\ZX2 4 

25 f^SS^tlfCo 



wo 03/078688 
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f "T?^IPfib)fcow;i-e«.±^jE-CM^5r5 0 s c cmmVfj:i)^^, 8 0 O'C 

js^im^^^/w^-ii^^-itji?^ (EELS) fcit), vy avf- 
^^^43. FE-sEM m^ikmM^mm^mmm) fcx. f^®iLyti^y=i 

^(D^i-i^mmnms nmXhotCo SlfS^lrFE-SEMJJlTli 

^ uyfcBf s $ f4 2 0 0 n m-efc t) . -^etb-eti/OjiiieTL^^^e/ y 3 i^^-fb^t^ 



wo 03/078688 
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UTj^ 9 0 a t o m i c %-t?fcofc„ 

{mmm2) 
5 ^-fo 

>yV =iy^T;l^^=^^J^t^^V =^y(D±A\^M\^X 4 5 a t om i c "/o-^ 
AytcT/i^K='^J>^iyV ='>'^3t#:^*?J2 0 0 nm(Oj|t$|C?^^Ufco 
5^ h\ats W.^fi^4-(yf' (10 1. 6 mm) (0Pq?^<^T>'l^5 A^-^J^ 
10 h±l2: 1 5mm:i(0:/y =^y^y:fl 3 ^ 8^^\^^tzi><D^m^tc^ 

>y^0kWit, RFmU^B^^Xs ATmM: SOsccm. : 0. 

7 P a . lSA®;b : 1 k Lfc. *fc. LfCo 

ii^(om^tm4 5 a t om i c%T&m\cf3:fi^x\>\ y\tr 

20 ^fc, FE-SEM m#itS:ai^^Mm^^m^) (jit. T;V^^U7i,ix 

m-C$>«9. ^©WII9RI«J^7nm-Cfco;fe:o ifS^FE-SEMJC 
25 T^^L/::^. 2 0 0 nm-Cfot). -ttl^HOT/V^ ^J' A^-^tfft 



wo 03/078688 
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fet). ^tl^'MmliU^^•i:i3K\i^m±Lx\f^tco 

15 ^FE-sEM m^ikmM&m^mwm) i^xmm urc ^ r 6. mmn 
mvx\i^ito tit, ^<Dt^m^\^itmiLUoiLmt5nm, ^<D^)^mm 

o'CT?2i^^Apiiufco ^<Dwm. i^v =^ymim^ii^m^^M^tifco 
25 ■ FE~sEM m^ikmik^mm^mmm) i-r. f^^Lfce/y ay 



wo 03/078688 
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m^Ltcm. ^ 2 0 0 n mX'h \) . ^fi^fKomnu^m^ V =i >mit 

LT, 0 a t om i c%XhotCo 

(mmm 3 ) 

10 r;65 6 nm.i^§L;dSl 0 nrnXh^mH^^htci^V 

v-y =iy^r/l^^=^^J>.tiy]) ^^^(D^m^nVXS 7 a t om i 
hj1tT)V ^ c=: r> V y =3 l^m^^^m l O n mOj? ^ \Z.y^^ \.t^.^-^v 

R Fm?!l*fflV>T. Ari5ga::50sccm> ^fcmjEE;^J : 0 , 7 
Pa. J^Att;': : 1 kWt bfco *fc. SMU^^tai: LiTCo 

20 ^y.:/^S^6t6:Sv^y^:^©^ffiv^fc;6^iyy =» :/^5,:/(7)ts:^(i- titcpg^^ 

#:om^:iSj^3 7 a t om i c roiSjaiJl/iitLff J;V\ httT 

FE-SEM («#&tlijfe^Mm^®m^) l-T. T;V^-l>A'> 



wo 03/078688 
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o m i c %^AytdTJV ^ T> A V y 3 «9 A.^ 5 w t % (^ix 4 

^tc, FE-sEM im^MtiiMdtmm^mwLm kx, ^h^m^y^v 

PS^i^S riniT?fcoyfco "SfJi. ®f®iSrFE-SEMlCTlS^Lfc:Bf> i^^tt 
2 S'Cm^oi/tBHF (Bu f f e r e dHF) (HP : HN4 

F=i :5) ^m^xi 0 om^nii)fti^m^M\'^x. ^<omm^\^i^v =^ 



wo 03/078688 
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UTs ^90atomic %"efcoyto 

l^}£^fflVNT.T/W5c:^«>A{C^LTi^y 3:^^2 0 a t omi c%!^±7 
0 a t omi c%^rm^LfcTA^K=.t^AiyV=i>m^i^^m^L,T/U 

^tc.Tju^::^^J>.ti^V =':^(D±m\z:M'f-^i^V ='V-g-5ir*«r^lE-r5 

20 |lt?feSo 

(^»!I4) 

:^mmmitm 9 1;:;^ ufc j: 0 fi^i^mnmm 2 r;6s 1 5 n mi?$> , ^fi^jiib 

25 2 r *5 1 1 n m-Cfc 9.iS$Ld5 200n mTfe S^TLSr^-TS -//w 



wo 03/078688 
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V^T.y/W^•>A^T/^^-e7A^'//Wr:!J7AOt^»^^:^l,T3 Oat 
om i c%'^^;rdT/^^^!^7i^^y^•7-l>A#3tfl^t^l^2 0 0 nmOi*^ 
\m^VtZo tJ^-'J^y htctt, jt#;6S4^:/^ (10 1. 6mm) 
5 TJV%zif7M,^-^y h±(C 1 5mm:^(7)<5^/W->>Af-5/yi^3tS:*5VN 
■ttO^B^^ito :^y<iy^0iW\t> RFm^iSr-^V^T. Ar^feS: 50sc 
cm. *JcSJEE;b : 0. 7 P a. UAMt} : 3 0 OWt b^o S^ji.^ 
tt^m ( 2 5 "C) t 

Ay/wr^e^A^at^^oaj^-^jj^s 0 a t om i c roiaiajju^itbtfj: v\ * 
FE-sEM m^m^it^mm,=i-^mm) \^x. t;v%=^^j>.^ 

'bmmmitl Snm-CfcofCo Ili$f:i2 0 OnmT-fet). ^il^tVO 

25 3 0 atomi c %T/V^ A>{^;Wri«> A^at^Sr^giSfE^ 9 8 



wo 03/078688 
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^{c, FE-sEM mwm^'^wm.^^wmi:) t-x. 
5 ~i^7hmzmm LTv^fco mnuonmt 1 2 n mt?fc 9 . ^(D^^mm^t 

i^tc. mmm'f-^^ji^^-m^mmm^ (eels) \z.i:v)^ ^ji^-r=^^ 
/j:*3. fe-sem m.^mi^itmk'm-wm.m) \z.x. i^mi^tc^/^-^ 

20 11 nmXh^. ^<D^i^mm\tmi 5 nmX*fco;rCo *fc. TO^FE- 

25 -//W ^7 M^mimni^^O y/V^ - !> A (^-^WSf* , < t^X 

OM^(J:>iSt LT^S^9 0 a t om i c%Xfcofco 



wo 03/078688 PCT/JP03/03000 
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mmm 5 ) 

:^Mmmits m9(DXo \^^i^miimm 2 rijs 1 5 n m-v^ 19 . ^wmn 

^/V'r=.^A^TJi^^=^^J>.t^J\^'7=^t7J>>(D±mi^nLX3 7 a t om 

^LtCo iJ^-yy bJcfii, U^7!)^4.4yf- (10 1. 6mm) ORJ^OT/W 
^cii^A^— 1 Smm^cD'^'/Wcni^A^S'T'l 3 t^4^S[*3V^ 
10 fc^j(^^>lV^/c„ RFmM^ffiV^T. A r ^14 : 5 0 s c 

c m. : 0 . 7 P a . ISAm;^ : 3 0 0 Vtc^ "^tc^ m^Um 

\tmm (2 5*c) tvito 

-r^>>A«at#:om^:6SJ^3 7 a t om i c %iajai3:jfctL«J;VNo ^tc. ^ 

20 -yy hSrffiV>Tt)J;V\ 

^fc. FE-SEM (m#ifeWjfeSMm^^^^) tCT. T/l^^^^l^i^y 

25 \im \ 0 nmT?$)«9, ^ WJ^KSIt^j^ 1 SnmT'fcofCo ifffi^F 
E-SEMle:Tli^L;fe:Blf. i^^«:2 0 0 nmT?feO. ^i^€tb<Z)T/^^ 



wo 03/078688 
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3 7 a t omi c%^tiT JV^ ^.^P J>>^ J^-^ 8% 

E-sEM (mmmi^^mm'f-mum) \^xmmvfzo mm^^±:^\^7!)^ 

$f*2 0 0nmT*fei9> 'ttl^*tl(DmilU^\t:$SK\^^\zm^\.X\f^rCo 

mo i/i^i^3o^mB:U nmo^u^^n^tc, 

15 ;^ij*5, iFL#;Srfe;*c^aiS:fToyS;y/Wni>A«:^y:Pjt^^F E-S EM 
i&K^ttl 5nm. ii5$fi200 nmXh*)s ^tu-^tlOj^TLIfB^tty/W 

25 ^^#ffl^ttiT?iO^Ufc, ±^JET?m^Sr 5 0 s c c miiSL/^;^? 



wo 03/078688 
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i^mtitco fiis. FE-sEM im^m^ij^^mm^mum) f-r. i^m 

5 if®SrFE-SEMfe:Tm^L/c0f^ i^^fi:2 0 0 nmTfo ^) , ^ti^n<D 
li^lC^tT^ ^90a tomi c %Xh^frLo 

■^•m&m\m 9 j; 5 \z.^'i^mmm 2 r;^^ 5 n mx^ 9 . ^^m^^ 2 

i c%^hjtlr ;V%z^'e; j^Jf jiv-^ j^i^^f^^^^ 0 n mO® ^ 
tyto iJ^-y?^ ii:@;5S4-i'>'^ d O l. 6mm) (r>V\^(orjv% 

z^tf^^^^y h±(J: 1 5mm^(D'J^;l/-Tczi>A5='y:/l 3 4^&::}oV^fc 
t>(0>I^MV^;rc„ ;^/^5/i5^^#tt, RF«ilI^ffiV>T. Arjgft: 50s cc 
m. JfemfE;^ : 0 . 7 P a . ^XWl : 3 0 0 Ufc, *fc. Smi^tt 
•m. (2 5'C) iUfCo 



20 



25 
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49 



PCT/JP03/03000 



FE-SEM \Z.X. r)V%z:^^J^^ 

10 ^<Dlim2 r «1 0 nm, ^O^J^ttiiL^^^H 2 Rfi 1 5 nm, i^$L(il 
3 7 a t om i c %T/V$ :=^lJ7 A-Jr'yW-r^i r> A:Pit^Sr ?) 5 w t 

^fctc, FE-SEM (m#*Jcmjfe*simi^®t«^) jc-c. ^^m^^y^y 

»3^ ^<^¥:^^Pi«^l SnmT'fcofCo ifS^F E- S EMlCXm 



wo 03/078688 
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2 5'C{r:<IS:o:feBHF (Bu f f e r e dHF) (HF : H 
N4F = 1 : 5) StMtIc-CI 0 0<${C^Ji)fc^^^ffiV>rx ^0^^^^^^ 

-SEM (m^nm^^mm^mmm) \^x. ^mvrc^;i^'7=-^j>.mim 

)i^fe^ffiV^T.T/^§ = !>A^^:^LTy/Wr::e7A^2 0 a to mi c%Sl 
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